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February 21, 1992

FEHE -0292 - 2456 Tie

Document Processing Center (TS-790)
Office of Toxic Substances
Environmental Protection Agency ‘
401 M Street, SW 88920001898
Washington, D.C. 20460
Attention: Section 8(e) Coordinator (CAP Agreement)
Subject: Occidental Chemical Corporation ("OxyChem"™)
Toxic Substances Control Act ("TSCA")
Section 8(e) Compliance Audit Program
Agreement No. BECAP-0063
Dear Sir:
Attached find one original and two copies of the following = ccument:
¢ Dechlorane Plus Metabglism and Environmental Screening
This document is being submitted pursuant to the TSCA Section 8(e) Compliance
Audit Program ("CAP") and a CAP agreement executed between OxyChem and the
U. S. Environmental Protection Agency (Agreement No. BECAP-0063).
The identity of the chemical(s) tested in the study listed above are as follows:
¢+ Dechlorane Plus, CAS# 13560-89-9.
The adverse effeci(s) noted in the study listed above are as follows:

¢+ A metabolism study in rats with 14C-labeled material demonstrated that
Dechlorane Plus is retained in the tissue and is slowly excreied.
Calculated Bioconcentration Factor based on the octanol-water partitiocn
coefficient was 7 million.

If you have any questions on the information contained herein, please contact me

at (716) 286-3358.
Sincerely, 5—@\ :

Ladd W. Smith
Director, Product Stewardship

% Occidental Chemical Corporation

axyv Corporate Environmental Aairs
Occidontal Chemical Center
360 Rainbow Boulevard South, PO Box 728, Niagara Falls NY 14302-0728
716/286-3000
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ROUTING

SCD MANAGEMENT REVIEW OF #71.. H. Schonga
AGREEMENTS INVOLVING PROPRIETARY INFORMATION #35 A Balsam

#4, . R. MWalker

The attached draft agreement plus one (1) copy has been
. prepared by the Patent/Legal 5ection at the request ofSamuel Gelfand ,
for review and comment:

SECTION A
(To be compTeted by Originator)

Subject Dech10raneR Plus Mutagenicity Tests.

Reason for Agreement:

’

Tl [ 4L T oo
Peviewed and Authorized by: o j( 441ﬁ( [ /)2
%

Division Pdtent Coprsel Date

SECTION &

Please review the proposed agreement ir. :ating all changes,
corrections and/or comments which you feel! sh d be made or con-

sfdered. Comments for special consideration s «1d be made in the
space provided below:

1. Originator: 0} f v _ Jt 2 8, 1979

“witiation Date
¥ L. H. Schongar '
2. (Management level #1)

-

nitfal:

. A. Bal
(H%na%eme%tsﬁ%vel |

inftial:_

Ly Ry Ha]kﬁr
V. P. General Manager

Approval:* Yas - Date: Inftial:

*If no changes or corrections have been noted, please execute
and date both original and copy where indicated,

Please return this agreement to the Division Patent Counsel
for appropriate handling of all changes and/or comments prior to
ASAP .




Dr. Daniel Scharf

Hooker Research Center

Long Road

Crand Island, New York 14072

Reference: SRI Project LSC-8060
Dear Dr. Scharf:

Two copies of our report entitled "Metabolism and Environmental
Screening Studies on Dechlorane Plus" are enclosed. The proposal to perform
the additional requested work is being reviewed by our contracts office
and will be sent to you shortly.

Because the aqueous solubility values in the report differed widely,
we performed another solubility experiment. The experiment was performed
as described in the report, except that the sample centrifuging time was
ircreased to 4 hours. Two samples were analyzed. For Isomer 1, we obtained
solubility valuee of 44 * 13 and 82 + 12 ng/liter. For Isomer 2, we
obtained values of 94 * 46 and 277 + 25 ng/liter., All glassware except the
centrifuge tubes were thoroughly cleaned with hot methylene chloride and
burned before use. The centrifuge tubes could not be treated this way
without damage and we had no new ones. It appears that they were contaminated
with D+ because the blanks for Isomer 1 and 2 contained 16 + 6 and 55 + 18
ng/liter of D+, reepectively. These values were not subtracted from the
solubility values reported above.

It is obvious that the aqueous solubility of D+ is difficult to
determine with precision and accuracy.

Yours truly,
David H. W. Liu, Ph.D., Manager
Aquaric Toxicology Program

Enclosures (2)

¢ SR international

333 Ravenswood Ave. » Menlo Park, California 94025 « (415) 326-6200 « Cable: STANRES, Menlo Park « TWX. £10-373-1246




28 Septcmber 1979

Pr. Paul Nees

Hooker Research Center

M.P.0. Box 8

Niagara Falls, New York 14302

Dear Dr. Jdees:

I wish to clarifv the statements made in the last paragraph of the
summary section of cur final report entitled, "Metabolism and Environ-
mental Screening Studies on Dechlorane Plus."

In that paragraph, the statements concerring the potential hazard of
Dechlorane Plus were based on the event that significant quantities of
the compound are dischargad to the aquatic environment. I understand
that thae compound was developed specifically for use as a fire rete.-
dant ip plastic electrical insulation material, and that when incor-
porated into such material, it becomes tightly bound. Used electrical
equipment #nd material are usually disposed of on land. It is thus
unlikely that significant quantities of the compound will enter
directly into the aquatic environment.

On land, the hazard of the compound should be very low. Because it
binds tightly to plastic and has an extremely low aqueous solubility,
it is unlikeiy that significant amounts will leach from discarded
electrical insulation. Any quantity that does should sorb immediately
and quite firmly to the soil, confining the compound to the disposal
site.

Sincerely,

&Lté[ M L7SL(‘4_/

David H. W. Liu, Ph.D., Manager
Aquatic Toxicology Program

ce: Daniel Scharf

SRI international

333 Ravenswood Ave. « Menlo Park, CA 94025 + (415) 326-6200 Cable: SRI INTL MNP = TWX: 910-373-1248




METABOLISM AND ENVIRONMENTAL SCREENING
STUDIES ON DECHLORANE PLUS

Final Report

25 April 1979

By: Drs. T. W. Chou, D.H.W. Liu, W. R. Mabey,
C. Mitoma, and J. H. Smith

Prepared for:
HOOKER RESEARCH CENTER
Long Road

Crand Island, New York 14072

Attention: Drs. Paul Nees and Daniel Scharf

SRI Project LSC-8060

Approved by:

Decd {9

David C. L. Jonks, Director
Toxicology Laboratory

;J&J Howrin

A. Skinner, Executiv. Director
Life Sciences Division

{3 Doy

Jorgensen, Vice President
Physical and Life Sciences Division

333 Ravenswood Ave. « Menlo Park, California 94025
(415) 326-6200 » Cable: STANRES, Menlo Park » TWX: 910-373-1246




The results of our metabolism and environmental screening tests

on Dechlorane Plus (D+) are summarized below.

Aqueous Solubility

This parameter was difficult to determine. Direct results from
solubility eriments with D+ indicated a solubility of 207 ng/liter
for one isc. - and 572 ng/liter for the other isomer. Indirect results
from the sediment-wat.:r partitioning experiment suggested that the
solubility was about 44 ng/liter (total for both isomers). This lower
value was considered to be the best estimate of the aqueous solubility

of D+.

Sediment Sorption

The compound has a very high affinity for particulate matter. Based
on the sediment used in this study, its sediment-water partition

coefficient is 4.5 x 106.

Photolysis and Oxidation in Water

Both reactions were very slow. The photolysis half-life of D+
was estimated to be >24 vears; the oxidation half-life was esrimated to

be 2100 years.

Metabolism and Excretion by Rats

After oral administration of l[‘C-lat:\eled compound (or D+), measurable

amounts of radioactivity were found in tissues and urine. The radio-
activity was retained in the tissues and was slowly excreted. A

metabolite was isolated from the liver extract but it was not identified.




i_:umulation in Fish

Steady-state (maximum) bioconcentration factor (BCF) values for
D+, estimated from valuas for solubility and the sediment- and octanol-
w-.ter partition coefficients, ranged from about 52,000 to 16,000,000.
The BCF, estimated from a calculated octanol-water partition coefficient
and using an EPA-recommended equation, was 7,000,000. Data from an
exploratory bioconcentration test were inconclusive because of the

presence of particulate D+ in the test solution.

Degradation By Sewage Sludge

The compound was degracded under aerobic conditions but not under
anaerobic conditions. Considerable acclimation time (> Z weeks) was
required before the aerobic microorganisms began to metabolize the

compound.

Interpretation of the Results

The data indicate that if D+ enters a natural body of water, it

will probably persist for a long time. Most of it will concentrate in
the sediment; up to 44 parts per trillion may be found in the water.
Desorption from the sediment will tend to keep the concentration in
the water relatively constant. Thus, D+ presents a long-term hazard
to aquatic organisms as well as to man if drinking water supplies are

contaminated with it.




RECOMMENDATIONS

We recommend additional studies to further define the envirommental

fate and biological effects of D+. Suggested studies follow.

e Sediment Sorption. Sorption to sediment appears to be the
major environmental fate of D+; however, this conclusion is
based on experiments with only one kind of sediment. Additional

sorption isotherms should be measured.

Microbial Transformatlon. Metabolism of D+ by aerobic micro-
organisms appears to be the major route for removal of D+ from
the aquatic environment. However, our biotransformation
experiments were conducted under ideal conditions unlikely to

be duplicated in the aquatic environment. The rate and extent

of biotransformation of D+ in natural water of differeut types

(oligotrophic and eutrophic) should be determined using frequent
sampling to define acclimation and transformation patterns.
Studies to identifv and determine the acute toxicity of
metabolites and studies to determine whether microorganisms

can use D+ as a sole carbon source (as differentiated from

cometabolism) should be considered.

Metabolism and Excretion by Rats. The calculated Log P value
for D+ indicates that it may be highly lipophilic and could
therefore accumulate .ignificantly in body tissues of animals
on continucus or repeated exposure. The design of our
exploratory experiment was not suitable to investigate this
poesibility. We recommend a repeated dose study as originally
requested by Hooker Research Center. Our study showed that
when D+ is administered orally to rats, almost 100% of the
dosr is eliminated through the feces. This suggests that

D+ is not absorbed significantly from the gastrointestinal

tract or that it is rap'dly metabolized and eliminated




through the bile. The actual process can be readily identified
by using bile duct cannulated rats and monitoring the radio-

activity in the bile fluid.

Carcinogen.c Potential. D! shows the potential for entering
drinking water supplies and thus exposing humans to low levels
of the compound for extended periods. The carcinogenic
potential of D+ should be investigated using .)ne or more

screening tests for mutagenicity.

Effects in tic Organisms. The calculated bioconcentration
factors (Bt ior D+ in fish suggest that the compound will
concentrate in the tissues of fish to an equal or greater
extent than compounds such as DDT or the PCBs. Our exploratory
experiment was too short to determine the steady-stage BCF,

and the static exposure technique appears unsuitable for D+.

A full-scale bioconcentration test usirg the flow-through

exposure technique is suggested. Long-term effects should

also be studied using the Daphnia chronic test and/or the

early life stage test with fathead minnows.




INTRODUCTION

At the request of Hooker Research Center, SRI Intermational per-
formed a study to obtain preliminary information on the prcable
impact of Dechlorane Plus (D+) on human health and the environment.
The experiments were performed to determine the following:

Aqueous solubility
Sedimen.-water partitioning
Photolysis in water

Oxidation in water

Uptake and distribution in rats

« Uptake by fish

+ Degradation by sewage s=ludge.

The results of the study are reported herein. The experimental
methods and data are presented in separate sections corresponding to

each parameter.
We received three samples of D+: 8 g of unlabeled material
(crystalized from benzenc/carbon disulfide) bearing no lot number;

10 g of unlabeled material identified as Dechlorane Plus 25, Lot No.

7033C: and approximately 725 mg of 1¢C-labeled material. The labeled

material was received from Pathfinder Laboratories, Inc., St. Louis,
Missouri, which assigned it a lot number of 80211; the other samples
were received from the Hooker Research Center. According to information
that accompanied the shipment, the radiolabeled sample contained

15 mCi of carbon-14 and had a specific activity of 31.5 mCi/mM.

Daniel J. Scharf, Manager, Functional Additives Research, Hooker
Research Center, informed us in a letter dated 20 June 1978, that the
8-g sample of unlabeled material was not representative and should not
be used. Hance, in the study we used only the radiolabeled material

and the unlabeled material identified as Lot No. 7033C.




METHODS AND RESULTS

Aqueous Solubility

We dissolved approximately 0.75 mg of D+ (Lot No. 7033C) in hexane
and coated the walls of a clean 5-gallon glass carboy with the solution.
The carboy was filled to the top with water from a Millipore water
purification system and a teflon stopper wita a glass syphon was put
into the neck of the carboy. The contents of the carboy were allowed
to equilibrate for about six weeks while L.ing stirred slowly wich
a Teflon stirring bar and a magnetic stirrer. During this time, the

temperature of the carboy was monitored and found to be 29% & ¢ 2.5° €

The syphon was flushed with several hundred milliliters of water
before a sample was taken. The sample, consisting of approximately
150 m1 of D4—saturated water, was nlaced in clean centrifuge tubes and
epun for one¢ hour at 8.000 rpm (5000 g). About two-thirds of the water
{n each tube was removed by a pipet placed 1/4" below the surface. The
volume of water removed was measured in a graduated cylinder. Two
centrifugings were necessary to get a 200-m] sample. The supernatant
was extracted in a separatoi funnel with 20 ml of 15% methylenc
chloride in hexane, which was also used to extract material from the
wells of the pipet and graduated cylinder. The combined extracts
were added to a Kaderna-Danish (K=D) concentration apparatus through a
funnel filled with sodium sulfate to remove the water. The separatory
funnel and the sodium sulfate were rinsed with several aliquots of the
methvlene chloride-hexane mixture and added to the K-D apparatus. The

volume of the extract was reduced to 0.5 mli on a steam bath.

Analvsis of the extracts was Pt formed with a Hewlett-Packard

Model 5830A gas chromatograph equipped with an electron capture detector,

using the following conditions:

column: &' x 1/4" 0.D. glass containing 5% OV=101 on
80/100 mesh Chromosorb G-high performance.




Cas: 95% argon/5% methane - 50 ml/min
Oven temperature: 300° C
Injection temperature: 325° C

Detector temperature: 300° C.

The solvent flush technique was used to maximize the precision of

the analyses.

D+ is a mixture of two isomers. The retention time was about
11 minutes for Isomer #1 and about 12.5 minutes for Iscmer #2.
Standards of D+ made in hexane were used to quantitate both isomers
in the concentrated water extracts. The assumption was made that the

response factors of the isomers are equal.

Two water extracts and a solvent blank were analyzed in triplicate.
The results of the analyses are presented in Table 1. Note, however,
that the solubilities presented in the table are probably overestimates
because the solutions analyzed may have contained particulate D+ (see

below).

Sediment-Water Partitioning

The D+ water solution used in this experiment was from the same
source as that used in the water-solubility experiment. We centrifuged
this solution at it g for 60 minutes. The supernatant was

used for the sor st es.

The sediment m White Lake, Michigan) was provided by the Hooker
Res arch Center. It was taken at Station 2-B at a depth of 35 feet
on December 5, 1978; no additional information on it was provided.
The sediment was a thick black ooze with a sulfurous odor and a high
organic content. We sieved the sediment to remove large (>2 mm) debris,
suspended it in water, and allowed the mixture to stand for 30 seconds.
The suspended material was removed and the concentration of D+ in the

sediment was measured. This suspension was then diluted to a concen-

tration of 7.2 x 10 ° g/ml for use in the sorption isotherm.




Table 1

CONCENTRATION OF ISOMERS #1 AND #2
IN WATER SATURATED IN D+

Isomer #1 Isomer #2
(ng/liter) (ng/liter)

Sample #1 2 623
603
685

Mean 219 637
95% Confidence range / +106

Sample #2 507
515
502

Mean ; 508
95% Confidence range : & + 16

Pooled Data

Mean 207
95% Confidence range ¢ 13.6 + 63.3

Blank Insignificant Insignificant




Three mixtures were prepared. One mixture was a blank containing

. D+ and water, but no sediment. The other two were duplicates and

contained D+, water, and sediment. The mixtures were made as follows:

Volumes Used (ml)
D+ Centrifuged Sediment Suspension
___Solution Water (7.2 x 1073 g/ml)

200 200 0
200 196 4
200 196 4

The mixtures were shaken overnight and then centrifuged at about
4500 g for 90 minutes. The supernatant (top 300 ml) was extracted
with 152 CH,CI2 {n hexane. In Mixtures 2 and 3, the bottom 100 ml
and the ce-trifuge tubes were extracted together. The bottom 100 ml
of Mixture . was extracted separately from the centrifuge tubes. The
solvent extracts were filtered through anhydrous NaqSD; and concentrated
using a K-D apparatus. The concentrated solvent extracts were analyzed
bv the same procedures as those used in the determinatiou of the water-

solubiliry of Dr.

Table 2 summarizes the analytical results. The abnormally high
amount of D+ in Sample 1-BL compared to Sample 1-TL indicates that
particulate D+ was present. Since Sample 1 was diluted by half with
water and centrifuged about 2.5 times longer than the samples in the
solubility experiment, the gamples in the gsolubility experiment
probably also contained particulate D+. The value for Sample 1-TL
probably represents a better estimate of the solubility of D+ in water
than the values for the two isomers presented {n Table 1. Thus, we
estimate the solubility of D+ in water to be (4.41 ¢ 0.02) x 10~° ug/ml

or 44.1 + 2 ng/liter.

The calculation of the amount of D+ sorbed on the sediment in
Sam>les 2 and ? was corrected for the amount of soluble and particulate

D+ in the bottom of the centrifuge tube:




Tablie 2

ANALYTICAL RESULTS OF ISOTHERM

D+ in Volume
Samp le Solvent Extract Extracted
Rumber® (ug) (ml)

- 13.2 x 10°° 300

13.4 x 10°°

3
3

37.5 x 10"
42.1 x 10

1.57

2=-BL+5+CT

3-BL+S+CT

Top liquid
Bottom liquid
Sediment
Centrifuge tube.




D+sorbed " D'+BL-'-S+CT ¥ D+particulate i D+soluble

= /1
D+solub]e D+TL"

D+particu1aLe g D+l-BL =

All the D+ was assumed to be in either the sediment, the particulate,
or ia solution. A check of the amount of D+ adsorbed to the walls of
the centrifuge tubes showed only relatively small amounts in the blank
containing no sediment. It was assumed that D+ would preferentially

absorb to the sediment in those samples where sediment had been adaed.

We calculated the sorption partition coefficient (Kp) and estimated

error to be (4.5 ¢ 1.9) x 106.

Eﬁpt:l:;iﬁ in Water

e determined the rate of photelysis of D+ in hexane and in water.
First, we performed a preliminary experiment in which a hexane solution
of D+ was irradiated for two weeks and its gas-1liquid phase chromato-
graph (glpc) trice was compared with that of an identical solution
kept in the dark (control). This is a procedure we have recently
adopted for compounds that we expect to have low aqueous solubility
and low photolability. 1t permits use of a higher, and thus a more
easily quantitated, concentratioun of compound and provides information

on whether work with aqueous solutions 1s then necessary.

Second, using information obtained from the preliminary exper iment
as a guide, we irradiated two l-ppm golutions of D+ for 168 hours.
One solution was prepared with distilled water, and the other was
prepared with natural water from a nearby eutrophic lake. We added
acetonitrile (5% of total volume) to both solutions to completely
solubilize D+. The chromatograms of the two solutions were compared

with those of identical solutions kept {n the dark (control).

fo photoirradiate the solutions, we used a 450-watt mercury lamp

with a borosilicate immersion well, The borosilicate well also served




as a filter allowing only wavelengths above 290 nm to reach the solutions.
This irradiation system does not duplicate the photon flux and wave-
length distributions of natural sunlight; however, it does provide
several lines of high photon fluxes in the solar spectral region. With
this system, phototransformation occurs more rapidly than in natural

sunlight and thus facilitates the experiment.

Analyses for D+ and its phototransformation products were performed
with a glpc equipped with an electron capture detector. Before analysis,
the aqueous solutions were extracted with a methylene chloride-hexane

mixture, and the extract was reduced to 1.0 ml using a K-D evaporator.

The photoirradiation systam was roughly calibrated using p-cresol

as a reference compound. In a previous studv (Smith et al., 1978),

ve determined the half-life for p-cresol to be 70 days when exposed to

natural sunlight (spring season) with a quantum yvield of 0.08. The

rate constant for photolysis of p-cresol in the above system was

"
-

7.5 x 10" hr

In the preliminary experiment with D+ in hexane, the chromatograms
of the irradiated and control solutions of D+ were similar except that
in the irradiated solution, we found an early eluting peak that repre-
sented 15% of the total integrated area in the chromatogram of the
{rradiated solution. This peak was detectable but not integratable
{n the coutrol chromatogram. Ly analcgy to photolysis of other
bicyeclic chlorinated hydrocarbons, we believe that this peak may
represent a reduced product, which can result from photodissociatlion
of a C-Cl bond followed by H-atom abstraction from the hexane solvent.
The total areas under the two D+ peaks in the chromatogram of the
control solution and the total areas of the two D+ peaks plus that of
the greater peak in the {rradiated solution each comprised about 95%
of the total integrated area in thelr respective chromatograms. This
suggests that the greater peak represents a phototransformation

product of D+.

In the experiments with =queous solutions of D+, the chromatograms

of the irradiated and control solutions were nearly identical: the

12




integrated areas under the two D+ isomer peaks amounted to 63 to 67%
and 2] to 24% of the total integrated area in each chrom: ouram.
Aithough we did not use an internal standard Juring the anaiyses, we
estimate that no more than 10% could have been lost to photolysis.
If an error occurred, we believe it to be from the uncertainty in
the volume (1.0 * 0.1 ml) to which the extracts were reduced in the

K-D evapcrator.

The chromatograms of the photulvzed and control aqueous solutions
shcwed the same early-eluting p2ak found in the photolyzed D+/hexane
golution, but this peak was not as great as chat found in the latter.
The greater peak in the hexane solutions may be attributable to some
pecularity in the hexane solvent experiment (such as induced photo-
reduction) or to the possibility that in water, photodissociation of
the C-Cl bond of D+ leads to products that are not completelv extrac-
table with methylene chloride-hexane. In any event, a 16X increase
in the concentration of the apparent photoproduct (15/95 x 100%)
in the irradiated D+/hexane solution after 2 weeks is within our

extimated 10% error for the l-week experiment with the aqueous solutions.

An upper limit on the photolysis half-life of D+ in aquatic
systems can be estimated from the above information using the following

reasoning and assumptions:

1. If we assume that the experimental error in our analyses
was 10%, then at least 90X of the D+ remained after 168 hours of
photolysis in our photolysis apparatus. Assuming the photolysis of
D+ follows first-order kinetic behavior, as is usually encounte' ¢ for

s

chemicals in dilute solution, the photolysis race constant {o: n
our system is <6 x 10_4 hr-l, which corresponds to a half-lif.

>48 days.

2. The equation for calculating the photolysis rate of a chemical

kp = 2'3¢£EAI

A




where ¢ is the reaction quantum vield that measures the efficiency of
the photolytic process in converting absorbed light (i.e., energy)

into chemical reactionm, and the term SERIA is the sum of the products
of the light intensity I\ and the absorption coefficients of the
chemical €, 1n specific wavelength {ntervals centered at the wavelength
L. To estimate the sunlight photolysis rate of D+, we assume that for
the photolysis of D+ and p-cresol in the same light source, the EEAI)
terms are equal; this, then, assumes that the difference in photolysis

rates of D+ and p-cresol is due to the quantum yields.

3. The maximum possible reaction quantum yield for D+ photolysis

can then be estimated by reference to p-cresol data (designated by c)

k

™
¥

D+ -
5 _.p_c (<6 x 10 *)(0.08)

D+

- < 10—*
(7.5 x 10-2) 6 x 10

and the photolysis rate constant from (1) above. It should be remembered
that this quantum yield is based on a limit of detectability of the D+
photolysis reactionm, and the quantum yield may be much smaller than

6 x IO-Q as calculated above.

4. The limiting half-life for photolysis of D+ in aquatic systems
may also be estimated using the equations and assumption stated in

(2) above.

= in2
A T
..3¢~ex1x

D+ L in2
b 2.3®D+IZ£\I.A

_ . (70)(0.08)
(<6 x 107%)

= >24 years




It is cthus apparent that D+ photolysis in aquatic systems is very slow.

Oxidation in Water

Before we actually perform experimeunts to determine the rate of
oxidation of a compound in water, we customarily estimate the first-
order rate constant and the half-life of the compound to determine
whether the experiments are necessary. We estimated the first-order

8 -11 -1

rate constant of D+ to be (10 = x 10“3), or 10 sec ~, which is

equivalent to an oxidation half-1ife of 2100 years.

A recent studv ¢l owed that the concentration of peroxyl radicals

8 9

in sunlit natural water ranges from 10°° to 10 ° M, and that the

first-order rate constants for the oxidation of cycloalkanes like D+
are in the order of 10.3 to 10-4 M_l secql (Hendry et al., 1974).

In estimating the rate constant for D+, we used the higher values for
both the peroxyl radical concentration (10—8 M) and the cycloalkane
rate coatant (lO-3 M'l sec-l). We decided that it wvas unnecessary

to experimentally measure the half-life of D+ because it sas clear
that peroxyl radical oxidation of the compound is not an important

transformation process.

Metabolism and Residue Studies

We prepared a suspension of IAC—F+ by mixing approximately 10 mg

of the compound with 5 ml of water containing 5% each of Tween-80
and gum arabic. Analysis of this suspension showed that it contained

27.6 uCi (0.57 mg) of *%C-D+ per 0.5 ml.

We administered 0.5 ml of the suspension orally to each of six
Sprague-Dawley rats that weighed batween 160 and 200 g each. Three
of the rats were kept together in a large metabolism cage and sacrificed
4 hours posttreatment. The remaining rats were kept in individual

metabolism cages and sacrificed 24 hours posttreatment.




The levels of radioactivity in samples of the blood, urine, and

. a homogenate of the liver wcre determined directly after solubilizing

the samples in Scintisol (Isolab, Inc.). Before radiocanalyzing samples
of dried feces and a homogenate of the kidney, we combusted them in

a Packard Tri-Carb Oxidizer (Model 8306). All samples were analyzed

in duplicate. Radiocanalysis was performed with a Searle Analytic

Mark III liquid scinti.lation counter. The level of radiocactivity in
the whole organs, body fluid, and feces were determined by multiplying
the radioactivity found per unit weight or volume of the radioanalyzed
subsample by the weight of the organs and feces or by the total voluue

of the collected fluids. The total volume of blood was estimated.

To determine whether the radioactivity found in the liver was
D+ or a metabolite, we pooled the liver homogenates from the rats
sacrificed 4 hours posttreatment and extracted the pooled sample with
3 volumes of ethyl acetate. The extract was dried over sodium sulfate
and then further dried with a stream of nitrogen. The dark brown
syrupy residue was dissolved in benzene-ethanol (1:1) and chromato-
graphed on a Sephadex G-15 column (1 x 20 em). The column was eluted
in succession with about 10 ml each of benzene, benzene-ethanol (1:1),
and ethanol. The colored, 5-ml portions of eluate in the first four
tubes were discarded. The colorless eluate in the fifth tube contained
a sufficient amount of radiocactivity to concentrate and analyze by
thin-layer chromatography (tle). We spotted a silica gel 60F plate
with a lAC--IH- standard, the liver extract, and a mixture of the standard
and liver extract and developed it using cyclohexane-acetone (9:1) as

a solvent. The plate was then autoradiographed for several days.

Table 3 presents the levels of radioactivity (expressed as the
percentage of the administered amount) in the tlood, kidneys, liver,
urine, and feces of the six orally treated rats. The data show that
very little of the administered conpound is absorbed from the gastro-
intestinal tract. An average of 94.6 percent of the administered
radioactivity appeared in the feces. However, when absorbed, D+ is

excreted very slowly as evidenced by virtually no change in the level




Table 3

DISTRIBUTION OF TOTAL RADIOACTIVITY

(Percent of Administered Amount)

Time
Post-Treatment

& dHours

* Calculated on the basis of 8% of the body weight representing blood.

+ Urine in i ladder.




radicactivity in the blood, kidneys, and liver pet.een 4 and 24 hours

sost~treatment.

Table 4 shows the concentration cf radioactivity, expressed as
disintegrations/min/gram (dpm/g), in the blood, llver, and kidney.
The higher am¢c t in the liver than in the blood or kidney s.ggests
that this organ may be the major rite of metabolism and elimination of
D+. Because the molecular weight of the compound is about 700, some
of the compound and its metabolites would be expected to be eliminated
through the bile. Hence, we believe that part of the radiocactivity

in the feces represents metabolites excreted via 'ne bile.

Table &

TISS"E CONCENTRATION OF RADIOACTIVITY

(dpm*/g)

Time
Post-Treatment Blood Liver

4 Hours 667 2796
598 3287
460 1841

24 Hours 345 1348
540 3366
321 2309

* Disintegrations/minute.

That D+ is metabolized by the rat was evident from the autoradio-
grams of the tlc plate after the liver extract had been chromatographed.
The autoradiogram showed that the D+ standard had an Rf of 0.48, with
minor contaminants at R of 0.23 and 0.04. The liver extract had an
R, of 0.37, whick was riearlw different from the Rf values for the

contaminiuts, therefure indicating that the compound was a metaholite

of D+. Rf {s defined as the ratio of the distance traveled by the

zore (sp~nt representing the chromatographed material) and the distance

traveled by the solvent front.




Biocaccumulation in Fish

We exposed 12 bluegill surfisn (Lepomis machrochirus) for 96 hours

to 30 liters of dechlorinated tap water containing an average of

283 dpm/ml of lA\C-D-O-. We radioanalyzed two water samples and three
whole fish each at 48 and 96 hours. The other six fish were trans-
ferred to a 19-liter aquarium and maintained in clean, flowing water
for the next 96 hours. During this clearance period, three fish each

were radiocanalyzed at 48 and 96 hours. No water samples were collected.

Exposure occurred in a covered cylindrical glass container, and
the test solution was aerated gently throughout the exposure period.

The fish were not fed Auring the 192-hour experiment.

All the samples were frozen and the radicactivity was determined
at the end of the experiment, using a Searle Analytic Mark III liquid
scintillation counter after thawing the samples. The water samples
were analvzed directly in Scintisol (Isolab, Inc.). The fish were
weighed and prepared for radiocanalysis by homogenizing them in 5
volumes of distilled water and combusting a measured volume of the

homogenate in an oxidizer (Fackard Tri-Carb, Model B306).

The results, presented in Table 5, were inconclusive primarily
because of extreme variability in the measured levels of radiocactivity
in replicate water and fish samples and the absence of a logical

pattern in uptake and depuration.

We believe chat the problem was due to the presence of particulate
D+ in the test solution. To achieve a measurable level of radioactivity
in the test solution, we had to nse an excess amount of 1aC-D+. Our
attempt to prepare a true solution with measurable levels of radio-
activity failed. 1In that trial, we dissolved the labeled material in
hexane, coated the bottom of the exposure chamber with the hexane

solution, and evaporated off the hexane. We added 30 liters of

dechlorinated tap water to the chamber, stirred it continuously for

several days, and radioanalyzed a sample of water daily. None of the

samples contained a detectable level of radioactivity. To achieve




Table 5

LEVEL OF RADIOACTIVITY IN FISH
EXPOSED TO '“C-D+

Average Radioactivity (dpm)/
Phase and Gram of Sample
Sampling Time Fish Water

Uptake
48-Hour 1,798
96-Hour 614
Depuration
48-Hour 25,843 £ 33,314
96-Hour 1,299 = 1,235

* Radioactivity in fish divided by radiocactivity in water.

a detectable level, we added more of the hexane solution directly to
the water. This produced a suspension of D+, as evidenced by the

presence of fine white particles.

We believe that different fish ingested diffe.ent amounts of the

particles, giving rise to the large variation in the level of radio-
activity among the fish. Nonhomogeneous distribution cf the particles
also caused problems in achieving reproducible counts for the water

samples.

Several equations have been developed to calculace the steady-state
(maximum) BCF of organic compounds from knowrn values for the aqueous
golubility, sediment-water partition coefficient, and octanol-water
partition coefficient. These equations are used primarily to obiain

a rough estimate of the BCF.
An equation proposed by EPA (Federal Register, 1979) is
Log BCF = 0.76 Log P = 0.23 (1)

where P is the octanol-water partition coefficient. Kenaga and Goring

(1978) determined the relationship between experimentally derived BCF




values and experimentally derived values for aqueous solubility, the
soil-water partition coefficient, gnd the octanol-water partition
coefficient, aad developed rhe following equations to express the

relationships:
Log BCF .791 - 0.564 Log WS
where WS equals the aqueous solubility of the compound in mg/liter.
Log BCF = =1.579 + 1.119 Log Koc (3)
where Koc i{s the sediuwent-water partition coefficient.
Log BCF = -1,495 + 0.935 Log P (4)
To calculate the BCFs, we used the following equation input values:

Water solubility: 4.4 x 10'5 mg/liter (revised value)

and 3.89 x IO-A mg/liter (average of the original values

obtained for the two isomers of D+).
Sediment-water partition coefficient: 4.4 x 106.
Octanol-water partition coefficient: 1.99 = lO9

All of the values, except the octanol-water partition coefficient
(P), were derived experimentally in this study. We calculated P using
a computerized program developed at SRI for chemical structure-activity
research. The calculated BCFs are presented in Table 6. Although
there is poor agreement in the BCF values, all indicate that D+ could
concentrate significantly in fish, and to a greater degree than some
well-known compounds such as DDT, chlordane, dieldrin, hexachlorobenzene,
Aroclor 1016 and 1242, which have respective BCFs of 61,600 (Hansen
and Wilson, 1970), 11,400 (Parish et al., 1976), 5,800 (Reinert, 1972),
8,600 (Macek et al., 1976), and 49,000 (Hansen et al., 1975).

Degradation by Sewage Sludge

We determined the magnitude of degradation of D+ by aerobic and
anaercbic sewage sludge microorganisms. Both kinds of organisms were

obtained from a sewage treatment plant {n Menlo Park, California.




Table 6

STEADY-STATE BCF VALUES CALCULATED FROM VALUES FOR
AQUEOUS SOLUBILITY, SEDIMENT-WATER PARTITION COEFFICIENT,
AND OCTANOL-WATER PARTITION COEFFICIENT FOR D+

Equation { Equation Input Calculated
Used Value Parameter ___BCF

2 4.4 x 10°° mg/l WS 174,985
2 3.89 x 10°° mg/1 51,76
1.99 x 10° 6,886,523
1.99 x 10° P 15,867,189
a4 x 20° K 716,182

The effluent containing aerobic organisms had a pH of 7.1 and a total
suspended matter (TSM) concentration of 185 mg/liter. The pH and TSM
for the effluent with anaerobic organisms were 6.9 and 3910 mg/liter,

respectively.

In the aerobic degradation experiment, we placed 100 ml of aerobic
effluent in each of several 250-m1 Erlenmeyer flasks and injected D+
into each flask with a Hamilton microsyringe. One gseries of flasks
received 10 ul of benzene containing 21.8 ug of D+ with 0.89 uCi of
carbon=14; another series received 40 ul of benzene containing 87.2 ug
of D+ with 3.55 uCi of carbon=14, The final concentration of D+ in
the flasks in the two .ries was 218 and 872 ug/ml, respectively. For
controls, we used flasks that had been sterilized in an autoclave
after introducing the activated sludge. The D+ concentrations are well
above the limit of the aqueous solubility of D+; hence, most of the

compound was in suspensiun.

The flasks were sealed with cotton plugs and incubated at 5* C
in a temperature-con:rolled ghaker. Some of the flasks were incubated
for 2 weeks and the rest for 6 weeks. After incubation, duplicate
flasks were removed from the shaker and the contents were extracted and

analyzed for radiocactivity and by thin-layer chromatography (tle).
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In the anaerobic degradation experiment, we used 125-ml Erlenmeyver
flasks with 100 ml of anaerobic effluent in each. The amount of
1aC-D+/flask was the same as in the aerobic degradation experiment.
The flasks were flushed with nitrogen gas and sealed with rubber

stoppers, each of which was equipped with a glass outlet tube connected

to a test tube containing 10 ml of 0.5N KOH to trap radioactive 002.

The flasks were incubated statically at 35° C (the normal temperature
{n the ar aerobic digester at the Menlo Park Sewage Plant) for 2 and
6 weeks.

We extracted the contents of the 2-week incubated flasks three
times with 60 ml of hexane-isopropanol (3:1) and washed the pooled
extracted material with 50 ml of water to remove isopropanol. Tue
aqueous fraction was adjusted to pH 2 with 10% phosphoric acid and
extracted twice with 60 ml of ethylacetate. We found the hexanol-
isopropanol extraction procedure to be somewhat inefficient and
tedious, so for the 6-week {incubated flasks we used benzene (40 ml,

3 times) instead of hexanol-isopropanol as the primary extractant.

We measured the volume of the two solvent fractions and the
aqueous fraction and removed a 1-ml aliquot from each ‘or radiocanalysis
(liquid scintillation), The remaining volume of each fraction was
dried over sodium sulfate, evaporated under vacuum at 40° C, and
concentrated to 2 ml with a stream of nitrogen gas at room temperature.
Aliquots (50 to 100 ul) of the concentrated fractions were spotted on
silica gel tlc plates and developed with cyclohexaneacetore (9:1).

The developed plates were autoradiographed.

Tables 7 and 8 present the radicanalytical results of the aerobic
degradation experiment. Both the aerobic and anaerobic experiments
were designed to determine whether degradation occurred by examining
the relative distributicn of radioactivity in each of the fractions.
We used hexane-isopropanol or benzeue to extract the nonpolar compo=
nents (prinerily D¥) and ethylacetate to extract the polar compounds.
The presence of radiocactivity {n the ethylacetate extract and the

aqueous fraction would indicate the presence of metabolites.
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Table

PERCENT RADIOACTIVITY OF ADDED
OF 2-WEEKS-INCUBATED AEROBIC BIODEGRADATION TEST FLASKS

Flasks

Added 1%C 1evel (x 10° dpm)

Hexane-isopropanol fraction
Ethylacetate fraction

Aqueous fraction

TOTAL

V

7
14

C IN EXTRACTION FRACTIONS

iable

b

terile

1.97

7.88

.97

7.88

50.5%
21.3%
5.3%

58.5%
9.0%

8.1%

81.6%
5. 1%
0.2%

77.1%

Table

PERCEN1T RADIOACTIVITY OF ADDED
OF 6-WEEKS~-INCUBATED AEROBIC BIODEGRADATION TEST FLASKS

Flasks

Added Y4¢ 1evel (x 10° dpm)

Benzene fraction
Ethylacetate fraction

Aqueous fraction

TOTAL

\'i

85.6%

8
14

85.5%

C IN EXTRACTION FRACTIONS

iable

1.97

32.2%
10.12%
0.6%

42.9%

Sterile

7.88




The presence of radioactivity in the ethylacetate and aqueous
fractions (Table 7) suggested that D+ had been metabolized; however,
no labeled metabolites were present on the tlc plates. The only
labeled compounds on the rlates were D+ and its contaminants. Examina-
tion of the autoradiograms of the tlc plates of all fractions from
both experiments (aerobic and anaerobic, 2- and 6-week) also failed to

reveal the presence of metabolites.

We therefore decided to use the difference between the total
radicactivity recovery values in the viable and sterile (control)
flasks as an indication of biodegradation. This decision was based
on the hypothesis that if metabc ‘sm occurs, D+ is rapidly converted

to CO, and water, for which we had sume evidence (see below).

Using this method of evaluating the data, we concluded that little
or no degradation of D+ occurred in the 2-week aerobic flasks (Table 7),

but that a high percentage was degraded by the aerobic microorganisms

in the 6-week flasks (Table 8). Und;;}&probic conditions, no

degradation occurred (Tables 9 znd 10); also, no radiocactivity was

found in the CO, traps.

Using nome of the 6-weeks-incubated aerobic flasks, we attenpted
to determine whether D+ was indeed metabolized to CO, and water by

2
installing a CO, trap in several flasks. The average amount of radio-

2
activity recovered from the trap was about 1% of the total added

radioactivity. Installation of the trap prevented adequate aeration;
hence, D+ was metabolized very slowly. Nevertheless, it appears chat

CO2 is a metabolic product of D+,




Table 9

I/
PERCENT RADIOACTIVITY OF ADDED 1*0 IN EXTRACTION FRACTIONS
OF 2-WEEKS=INCUBATED ANAEROBIC BIODEGRADATION TEST FLASKS

Flasks Viable Sterile

Added Y4¢ level (x 10° dpm) 1.97 7.88 1.97 3.

Hexane-isopropanol fraction 77.1%
Ethylacetate fraction 11.9%2

Aqueous fraction 0.4%

TOTAL 89.4%

Table 1C
1

“C IN EXTRACTION FRACTIONS
OF 2-WEEKS-INCI'BATED ANAEROBIC BIODEGRADATION TEST FLASKS

PERCENT RADIOACTIVITY OF ADDED

Flasks Viable

Added 1Z'C level (x ]06 dpm) 1.97

Benzene fraction 75.3%
Ethylacetate fracticen 12.1%

Aqueous fraction 0.1%

TOTAL 87.5%




DISCUSSION

Informarion provided to us by the Hooker Research Center on the
acute and subacute toxicity of D+ to laboratory mammals and on the
acute toxicity of the compound to aquatic organisms and some of the
information obtained from this study suggest that D+ presents a
relatively low acute hazard to human health and to aquatic organisms.
We believe, however, that the compouri should be evaluated for possible
chronic effects on human health and in aquatic organisms if there is

any possibiliry that D+ will be a contaminant of the aquatic environment.

Although the aqueous solubility of D+ is very low (>1 ppb), the
compound shows the potential for being highly persistent in the aquatic
environment. Thus, if the compound enters a natural body of water, it
will probably remain there for a long time. Most of the compound
will probably sorb to the bottom as well as suspended sediments;

however, as the concentration of the compound in the water column

declines through dilution and other processes, desorption from the

sediment will tend to keep the concentration in the water column

relatively constant.

1f the water from the aquatic system is used for drinking, humans
could be exposed chronically to 1l-w levels and perhaps adversely
affected. Our study on the metabolism and excretion of D+ in rats
showed that only a small percentage of D+ is absorbed from the gastro-
intestinal tract after a single dose. However, metabolism and
excretion of the absorbed fraction ras very slow. The estimated high
Log P value (9.3) for D+ suggests that repeated exposure will cause
the compound to accumulate in the tissues. The extent could be about
2000 times that of DDT (Log P ~ 6). The propensity of D+ to biocon-

centrate also poses a long-term hazard to aquatic organisms.




REFERENCES CITED

Federal Register. 1979. Water Quality Criteria, Request for Comments,
44(52), 15973 (15 March 1979).

Hensen, D. J., S. C. Schimmel, and J. Forester. 1975. Trans. Amer.
Fish. Soc. 104, 584-588.

Hansen, D. J., and A. J. Wilson. 1970. Pesticides Monitoring Journal
4, 51-56.

Hendry, D. G., T. Mill, L. Piszkiewicz, J. A. Howard, and H. K. Eigen-
mann. 1974. J. Phys. and Cr . Ref. Data 3, 937-978.

Kenaga, E. E., and C.A.I. Goring. 1978. Relationship between water
solubility, soil-sorptiou, octanol-water partitioning, and
bioconcentration of chemicals in blota. Presented at the Third
Aquatic Toxicology Symposium, ASTM, New Orleans.

Macek, K. J., M. A, Lindberg, §. Sauter, K. S. Buxton, and P. A. Costa.
1976. USEAP-600/3-76-009, 57 pp.

Parrish, P. R., S. C. Schimmel, D. J. Hansen, J. M. Patrick, Jr.,
and J. Forester. 1976. J. Toxicol. Env. Health 1, 485-494.

Reinert, R. E. 1972. J. Fish. Res. Bd. Can. 29, 1413-1418,

Smith, J. H., W. R, Mabey, N. Bohonoe, B. R. Holt, S. S. Lee, T.=-W.
Chou, D. C. Bomberger, and T. Mill. 1978. Environmental Path-
ways of Selected Chemicals in Freshwater Systems. Part II.
Laboratory Studies. EPA Report EPA-600/7-78-074.




. 7#%,% SR  for MWios emie 7
P rejet— Fevion ne/

Sl )ity Sadl et WP g
B ' Dy . Jopa) Swu“f'}, =2)7

| D Wr'//'o??ay bey G4 70

o (oot S)vdhe Dy. Chov 2950

£FiSh yotde  prD &Y

b pos ;,a;;/) ~ Sencdiny bty

fow Sy Ity | —eald cane Jmile,

i1t ranl yov i, ‘h’;dEg“
L/ PAwva Mo —terf-

U G.HL_ to }—¢ aflecfive / Y Juk
Ceo !l




ﬂ hDDHB[‘ INTER-OFFICE MEMORANDUM

File Ref.
W. J. Crossetta

Copies to: Da'e: April 14, 1978

s
'S From: D. J. Scharf

Div./ Dep't: Corp. R&D

Location:

Subject: Grand Island

Enclosed find a proposal and agreement forms prepared bv FRI that relate

to an Environmental Coptract for work entitled, "Metabolism and Envirenmental
Screening Studies on “C-Labeled Dechlorane Plus " he proposal and costs
have the recommendation of both Paul Nees, (Environmental Dept.) and

Arun Bhattacharya, (R&D Environmental liason for Dechlorane Plus).

These documents are sent to you for your review. Take particular note

that the revised contract calls for a $20,000 cost vs §50,750 in the original
proposal.

Please prepare the appropriate secrecy agreement forms and send them to me.

I will obtain the proper R&D approvals and then forward your document to

SR1.

Thanks for your cooperacion.

Jn

Daniel J. Scharf
1cl




SRI Proposal LSC
21 March 1978

Dr. Arun K. Bhattacharva
Research and Development
HOOKER RESEARCH CENTER

Long Road

Grand Island, NHew York 14072

Dear Dr. Bhattacharva:

On 16 March, Dr. Paul Nees, your corporate toxicologist,
visited SRI International to discuss SRI Propssal LSC 78-26(R)
with Dr. James Smith, Dr. David Bomberger, and me. The
major emphasis of the discussion was on reducing the charge
for the proposed work on Dechlorane Plus (D+) to no more
than 520,000, Our original cost estimate (quoted in SRI
Proposal LSC 78-26) was $56,750; on request, we modified
some of the experimental protocols, deleted others, 2and
submitted a revised cost estimate of $22,000 in SRI Proposal
LSC 78-26(R). Based on decisions made during the 16 March

meeting, our cost estimate is now $20,000.

The new cost estimate reflects a $2,000 reduc
the charge for conducting studies on the movement
in soil and water. These studies 2ntail determination oi
the aqueous solubility of D+ and its sediment-water
partition coefficient. We will determine aqueous solubility
as described in the original proposal because this
information is essential to most of the other proposed
studies. However, we will determine the sediment-water
p stition coefficient on a hest-efforts basis; we will
endeavor to obtain data that will provide an estimate of

the magnitude of sorption of D+ to sediment.

Other proposed work includes the determination of D+
oxidation and photolvsis, a screening studv on absorption

of D+ by rats and fish, and a micrcbial degradation

screening studv using activated sewage sludge. The methods
-
H

333 Ravenswood Ave. = Menlo Park, Calilornia 84025
International (415) 326-6200 « Cablo: STANRES, Menlo Park » TWX: 910-373-1246
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Dr. Arun K. Bhattacharya 21 March 1978
HOOKER RESEARCH CENTER Page 2

we propose Lo use are described in SRI Proposals
LSC 78=-26(R).

The ‘contractual , ovisions presented in the original and revised
piUpwnal. copies of which are attached, apply to this second revision.
mig revision will remain in effect until 30 April 1978; however, SRI

ternational would be pleased to consider an extension if requested.

Respectfully submitted,

D.-l‘.fid H. W, Ll'], P}\.D.‘ -‘Lln-\\;t‘r
Aquatic Toxicolagy Program

\pproved:

!

A. Sk ner, Executive Dir

Life Scien 3 Division

Attachments: SRI Proposals LSC 78-26 and LSC 78-26(R
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Drs. David C. Bomberger, Tsong-Wen Chou
David H. W. Liu, William R. Mabey,
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David d. W. Li k.D., Manager
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INTRODUCTION
-
.
, SRI International is pleased to submit this proposal in response

to the request from Hooker Research Center (dated 9 January 1978) to

co'duc: selected studies on Dechlorane Plus (D+). We will address five

subject areas pertaining to the environmental fate and effects of D+:
movement in soil and water, degradation in the environment, mammalian
metabolism and residues, environmental biocaccumulation and magnificacion,

and plant uptake.

Most of the experiments will involve the use of l&C-labeled D+,
which we understand HRC will provide in addition to unlabeled C+. In
reviewing the information on D+ provided in the RFP, we noted that the
product has several impurities. The presence of these impurities,
particularly if thev become radiolabeled during the synthesis of D+,
will create problems in our interpreting the data from the experiments.
We request that HRC provide us with labeled and unlabeled D+ of hign
purity and with informaticn on the amount and kinds of impuritlas
present in the final product and whether or not they are labeled. We
would be pleased to purify cthe product and will submit a cost estimate

upon request,

Because of the expected low aqueous solubility of D+, the radio-
labeled product must be of reasonably high specific accivity to allow
us to perform the experiments properly. “If we assume that D+ is soluble
in water to the extent of 5 ppb, then a specific activity of 20 mCi/mmole
of D+ will give a solution containing 240 dpm and &4 ng nf D+ per
millilicer. This is the minimum level of activity required to conduct
meaningful studies. If D+ is less soluble than 5 ppb, the specific
activicy would have to be adjusted accordingly. 1If our requirements
cannot be met, use of a gas chromatographic technique would be required
for quantitation of D+ in all aspects of the project. In cthat case,

our cost estimate would have to be revised.




TECHNICAL DISCUSSION

Mvement in Soil and Water

¥

Determination of Agueous Solubilitw

%
%

The solubilicy of a compound in water determines its maximum
exposure concentration for aquatic toxicity tests and for chemical and
biological transformation rate studies. We presume that uptake or
transformation of solid materials is slow compared with the corresponding
rates of dissolved material.) If the 3clubility of a solid material
is low, the rate of its uptake or transofmration may depend partly on
the rate of its dissolution. The rates of chemical and biological
transformacions as well as equilibrium processes such as sorption and
volatilizacion cannot be measured ccrrectly if solid material is
p-nsent. Therefore, one of the first tasks in this project will be to
maasure the solubility of D+,

we have measured the solubility of mirex in water and obtained a
value of (70 ¢ 10) x 10" %g m1™! (ppt) at about 22° C. The solutions
were p.epared by the method of Haque and Schmedding (1975 Bull. Env,
Contam. Toxicol. li;l]). This entailed dissolving the solute in an
organic solvent and coating it on the side walls of a large carboy by
allowing the solvent to evaporate while the carboy was rotated. The
carbuy was filled with water, and the solution was allowed to stabilize
for several days. The equilibrated aqueous solution was centrifuged at
10,000 rpm for 1 hour and immediately extracted. The centrifugation
step was required to obtain reproducible results; presumably, at these
extremely low concentrations, particulate solute was suspended in the
water. The aqueous solution was not stable because solute sorption to
the walls was very rapid. The extract was concentrated and analyzed by

electron~capture gas chromatography.




May et al. (1978 Analyt. Chem 50:175) suggest an alternative pro-
cedure for preparing solutions of low-solubility compounds. The solute
is coated on glass beads that are placed in a stainless-steel column.
Water is pumped through the column and saturated with the solute. The
method was successful for anthracene and phenanthrene. However, the
leubili:y-of these compounds is many orders of magnitude higher than
what we expect for D+. We experienced difficulties with sorption of
mirex t~ metal and glass, and che problems with D+ will probably be

greater. Therefore, this method may not be satisfactory *for producing

saturated colutions of D+,

We will attempt to use the method of May et al., both for deter-
mining solubility and for preparing aqueous solutions of D+ for use in
the sediment/water partition studies and the soil percolation studies.
We hope the technique will prove satisfactory because it is less
expensive to perform than the technique we used for mirex. If it does

not prove satisfactory, the latter technique will be used, however.

Sediment/Water Partitioning

Adsurption phenomena are characterized as both equilibrium pheanomena
and kinetic phenomena. Equilibrium is frequently modeled using a
Freunlich isocherm
1/n

C.mKe
] 4

where C_ is the concentration of solute on the soil (ug/g) and CL is

the solute concentration in the liquid phase (ug/ch). Frequently the

exponent turas out to be nearly 1, and when the liquid phase is water

its densicty 1is 1 g cm_J. so that Eq. (1) becomes
(2)

and X is a dimensionless partition coefficient. For strongly adsorbed

materials such as mirex, K can be on the order of 500,000, and for




weakly adsorbed materials it is less than 1. Some solutes show different
partition coefficients when K is being measured by adsorbing solute from
the liquid onto the soil compared with when it is being measured by

desorbing material from the soil inco the liquid.

§ Adsorption (or desorption) equilibrium is not obtained instanta-
nously. Times to equilibrium may vary from minutes to hours, depending
primarily on the size (diffusion coefficient) of the solute and the
microscopic structure of the individual soil particles. Egquilibrium
requires that the solute diffuse to all the adsoiption sites that may
be inside a particle and connected to the outside by microscopic pores,

the diameters of which can vary from 1000 A to 1 A.

We have observed that the magnitude of K for natural sediments
increases as the solubility decreases, and for nonpolar solutes it
increases with the organic content of the sedixent. Because we expect
the aqueous solubilicy of D+ to be less than that of mirex (70 ppt),
the partition coefficient of D+ should be greater than that of mirex

(460,000) using the same kind of sediment. We will determine whether

this prediction is true.

Because the RFP emphasizes that our efforts he d.-ected to screening
rather than to performing a comprehensive investigatiun, we will detarmine
the sorption partition coefficient using only one kind of sediment. We
recommend that HRC consider a more comprehensive study to be performed
later with at least two sediments containing different amounts of

organic carbon.

To determine the sediment sorption partition coefficient for D+,
we will use sediment from Coyote Creek, a stream close to Menlo Park.
We have used sediment from this creek in many studies of this type,
including the sediment sorption studies with mirex, and have charac-

terized it.

We will prepare aqueous solutions of D+ and equilibrate it with

the sediment., A preliminary isotherm experiment will be rum to

deternine the order of magnitude of K, the partition coeificient.. This




procedure will be followed by a definitive test using several flasks,

as follows:

Number of Flasks
No Low High
D+ Concentration Sediment Sediment Sediment

Vlone

Low

High

The suspensions in the flasks will be allowed to equilibrate for

12 hours. Then they will be centrifuged at 10,000 rpm for 1 hours,
decanted, and extracted. We will measure the sediment and supernatant
concentrations independently for each flask. The amount of sediment
will be calculated on a dry-weight basis. The sorption partition
coefficient will be calculaced using a linear least squares regression

method that fits Eq. (2).

Soil Percolation Studv

Movement of a solute through a soil column is a function of the
solute-soil interaction and the dispersion that results both from
diffusion and mixing during flow through the tortuous pores in the
soil. When chemical reactions do not occur, the major solute=-soil
interaction is adsorption, which can take place either on the soil
surface and by interaction with soil organic material or cthrough ion-
exchange reactions with sites on the organic or inorganic functions

of the soil.

The most common time when the movement of a material through soil
needs to be measured is when the matn;ial has been placed on the soil
surface, either through spillage or intentional application as an
agricultural chemical. Ideally, the rate at which the material would
be carried into and through the soil is calculated using adsorption
partition coefficients, adsorption kinetic constants, and soil properties
such as porosity and dispersion coefficient. Agreement between pre-

dictions and measurements are best for materials with large parctition




coefficients, because then the effe:ts of dispersion and adsorptien

kinetics=-which are hard to model correctly--are minimized.

In screening the potential for a material to migrate through the
soil, the minimum experimental determinactions involve measurement of K.
If X is large, predicting the movement of the material should be possible
using the mathematics developed to describe chromatography and ion-
exchange phenomena. The minimum confirmation of mat2rial movement 1is
a simple percolation test in a soil column. If the measured and pre-
dicted rates of transport disagree, then a series of experiments involving

additional isotherms and studies of adsorptica kinetics as well as a

series of soil percolation tests are required to gain an understanding

of the transport process and to determine whether the percolation tast
gave the correct result. A particularly important aspect of the
addicional testing is to verifyv that the soil columns were uniforaly
packed and did not have channels thact allowed bypassing and rapid
movement of the test material through the column., We will conduct cwo
kinds of tests--=the isotherm screening experiment and ct mple soil

percolation experiment.

Isotherm Screenjing Experiment

Our experimental protocol for the soil adsorption isotherm
is basically the same as that described for sediment adsorption. A
stock solution of D+ will be prepared and placed in several flasks
along with measured amounts of soil. After an overnight contact period,
the soil and supernatant will be separated and analyzed for D+. The
sediment and supernatant concentrations will be fitted to the Freund-

lich expression.

A soil sample will be air dried and passed through a 2-mm
ieve. Only the <2-mm fraction will be used for isotherm measurements
because the adsorption activity is concentrated in the fine fraction
of the soil and the larger particles do not permit measuring uniform
samples for the isotherm determination. A separate sieving experiment

will be conducted to determine the weight percentage of the two sizes




of fractions so that the adsorption partition coefficient car be cor-

rected to a whole soil value.

: b ; 14
A stock solution containing a known amount of C-labelead
D+ at a concentration below its solubility limit will be prepared.
14 i . ' ‘ - :
The * °C activity of thi. s.ock solution will be confirmed by scintil=-

lation counting.

The isotherm experiments will be conducted by preparing
flasks that contain suitable amounts of stock solution, distilled water
for dilutinon, and a weighed amount of soil. All experim;r:s will be
run in duplicate, and flasks containing no soil 2nd no stock solution
will be included as controls. A preliminary isotherm experiment will
be run using a low ratio of soil to D+ to determine the order of
magnitude of the partition coefficient; then a series of flasks will
be prepared to yield 50 and 25X adsorption from each of twu D+ concen-
trations in solution. This will produce four duplicated points to

deternine the coefficients of the isotherm expression.

Analysis will include direct determination of the material
in the supernatant solution (C:} and direct determination of the
adsorbed material (Cs} to eliminate bias due both to volatilization of
material during the equilibration period and its adsorption onto zlass-
ware. Ci will be determined by centrifuging to remove the soil,
decanting the supernatant, and then washing out the soil pill. An
organic solvent extract of the supernatant and the centrifuge tube are
used to detarmine C,, and an organic solvent extract of the soil and

the water used to wash it from the centrifugs tube are used to determine

C . All analyses will be by scintillation counting, and mass balance

3
will be calculated to indicate whether losses occurred during the

experimental procedures.

After the isotherm is completed, a mathematical prediction

of soil transport will be calculaced using




which has an exact analytical solution.

In this equation:

-

; : 3 3
® = Water in soil (em™/em™)
= Depth in soil profile (CW)
.
= Soil dispersion coefficient (cm /sec)

= Adsorotion partition coefficient.

Soil Column Percolation Experiment

. Based on the molecular weight and similarity of D+ to mirex,

we expect the ads-rtption partition coefificient to be large and the
transport rates iu soil to be low. Under these condicions, the soil
percolation test has to be designed to detect migration when no material
migractes through the entire soil colum., meaning tt iterial

would be detected in the column effluent. The sc set up

so that, after an appropriate amount of solution ad

through it, plugs containing soil and the interst: can be
removed trom various depths in the column for analys.i r compounds
that migrate rapidly through the soil, this procedure provides a
concentration profile both in the solid and liquid phase that can be
interpreted in terms of the actual adsorption kinetics, irreversibilicy,
and soil dispersion. For strongly adsorbed materials the procedure

provides only a coarse indication of how far the material migrated.

A glass column approximately 4.5 cm in diameter and 30 ca

long will be prepared. It will be sealad with a rubber stopper ac tae




top and sealed at the bottom with a removable glass frit. At
intervals, access ports will be provided to permit removal of
of soil at the end of the percolation test. These ports will

sealed with teflon sctoppers during the test.

Air-dried and sieved (<2 mm) soil will be packed into the
column using a vibratory apparatus to ensure uniform density.
space will be left at the top for a liquid laver during percolation.
‘The column will be saturated with a weak (-0.01 N) calcium

sulfate solution by forcing water through the column under pressure

until the measured inflow rate at the top equals the effluent rate

l4 : : . 4 ' . :
at the bottom. A measured amount of C-labeled D+ will be introcduced

in a single spike, displaced into the column, and allowed to equilidrate
overnight. Then numping will be resumed at a rate equivalent to
percolation of a vear's rainfall* through the soil column in 2 davs.
Column effluent will be collected in fractions in case the material
does break through, counter to expectations. These fractions will be
analvzed onlv if necessary. At the end of the percolation period,

the flow wi SCOPI nd plugs of soil and interstitial solution
will be removed from the columnn for analysis. The same procedures

as those used for the isotherm will be followed. If the D+ does not
appear in any of the samples removed from the column, the effluent
fractions will be analvzed. If D+ is not in any of the effluent
fractions, we will remove the soil from the column in layers, starting
at the top (because the D+ will be between the points where plugs

were removed), and analyze it.

[f£ the D+ moves a substantial distance through the soil
column, we will conduct a series of experiments involving more isotherms,
kinetic studies, and soil percolation tests to determine more precisely
how D+ interacts with the soil. These tests, if conducted, will

require addictional funding.

* To be determined after discussion with HRC.




Degradaticon in the Eavironment

Chemical Trarsformation Studies

CLxamination of the structura of D+ suggests that photolysis and
free radical oxidation mav occur in aquatic environments; hence, our
chemical transformation experiments will be limited to the studv of
these two processes. Several isomers of D+ may be present in the
commercial-grade producc, but their reactivity toward oxidation or
photolysis should be sufficiently similar that no difficulcies will
arise in screening tests; isomers could be a problem in detailed

studies, especially if product analysis is required.

Hvdrolysis of D+ in aquatic environments is unlikelv because the
bridzehead and vinvlic chlorides in the molecule can only be hvdrolyzed
under extreme conditions; hydrolvsis studies therefore will not be

conducta

Two matters relating to our proposed experimental work require
. e . -
comment. We consider the use of C-labeled D+ unnecessarv in th

chemical cransformation screening tests. We anticipate that gas
chromatography using flame ionization or electron-capture d.tactor
will give a simpler and less ambiguous analysis of D+ in the reaction

and work-up conditions.

Since the volubility of D+ in pure water is certainly in the
low part-per-billion concentration range, we may use l5 acetonitrile
as a cosolvent to increase the solubility of D+ in the screening
studies. This solvent was used successfully in transformation studies
of mirex and is inert under the conditions of our photolysis and
oxidation experiments. Concentrations of D+ in all experimental work

will be 1 ppm or less.

Photolvsis

We recommend that two photolvsis screening tests be performed with
D+. One test should be carried out in pure water and the dther in

water that simulates a natural water. We propose this approach becausa

10




natural materials in aquatic SVstems can promote photochemical reactions
through photosensitized or photoinitiated free radical reactions. The
photolysis in pure water will be carried out at wavelengthr greater

than 280 nm to determine whether direct photolysis occurs. The direct
‘Photolysis experiment will also serve as a control for the phctnlvysis

in the simulated natural water.

To screen the susceptibilicy of D+ to direct and indirect phe »>-

lysis, experiments will be carried out in a merry-go-round notochemical
] xp

reactor; the light source will be a 450-watt Hg lamp with a borosilicate
glass immersion well that allows passage only of wavelengths greater
80 nm. D+ at con~entrations of 1l ppm or less will be photolyzed
wace: and in a solution of water contain
solutions will be analvzed as required
disappearance of th i concentracicn of M. The photolyses wily
be carried out fo maximum of about 1 week, which is approximately
0 6 months in sunlight. At leas: four but not more
than eight data points will be taken for each reaction solutio
Aliquots of these two solutions will be kept in the dark during the
photolyses as controls to demonstrate that no processes other than

photolysis are responsib for any reactions found.

These experiments will determine whether direct or indirect
photolyses of D+ occurs. Based on analogy with other photochemical
studies at SRI using chemicals that had tailing absorbances in the
region above 280 nm, we will be able to estimate whether the direct
photolysis half-life of D+ in sunlight is 6 months or greater.
these experiments, we wi)l also deternine whethzr indirect photolysis
of D+ is important e« pared with direct photolysis. If either direct
or indirect photolyses are important, we will then recommmen ADPTO=-
priate detdiled studies rha. will more precisely describe the photo-

lvsis of D+ in the aquartic envir n
Oxidation

D+ may be oxidized bv hvdrogen transfer from the cyclooctane ring

Or by oxy radical addition to the chlorine-substituted double Sond.

11
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the distribution of the radiocactivicty. For example, 1f biological
{tv converts some of the D+ to an alcohol, more of the total
v will be present in the butanol extract of the incubated
n the butanol extract of the unincubated samples. The
detect biological activity even if extraction efficiencies

1007

*

The actual size of zamples incubated will depernd on the specific

-

vity of the C-labeled D+, an. the approprlate sludge levels will

termined by some screening experiment. If biological
ed, at least a pair of flasks will he prepared and
ental results.
n ! we will

iodegradation race

from the incubation flasks

determined nterval: ( aaioana - am . The radioanalvrt:
1l be s=od as a second-order .37 process were

of untransiorsn D+ and X is

where kK, 1s the transformation rate constant. A sinmple second-order
D H

process is assumed because the D+ levels present will not he adequatea

to provide significant bacterial growth.

The proposed studv does not include anaerobic transformation
experiments since we believe that because of its physical properties
D+ will probably always remain in the aerobic zone of the environment.
[f, however, D+ is released into a wastewater stream that enters a
sewvagze Creathment plant equipped w an anaerobic d
be exposed to anaerobic conditions. We would be pleased to decermine
the action E @ sludge on D+ under anaerobic conditions for an
adaitional charge. The method is the same as described above, excepnt

that D+ is incubated in an oxvgen-{ree environment.
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study is to define abscrption, tissue accumu-
eXxcrection, and possible metabolism of orally administered D+
rat. We will use young adult male Sprague-Dawlev Tats purchased
Simonsen Laboratories, ( 3 alifornia. Before expari-
ion, the animals will climatized to metaholie

ays .

The animal study will be conducted sequentially,

absorptio udv. A preliminary experiment will be
1

'

several oral doses of C-labeled D+ to ascertain absorption

/ monitoring the blood radicactivity level. [ confirma-
0talned that the compou
irnacokinetic studvy as proposed
T absorption is not obtained, cthe proposed prot
and chronic study will not be us
led out afcer consultation with

intestinal flora on the compound

be conducted to ascertain the

Cae rat. Racs will be adninis

(3 to 10 uCi) bv gavage,

‘Torm the orbital sinus L, 2, 13, 4, &,

ter adainistration. The vlood samples will be counted
scintillation counter. The quench=-corrected counts per minute
icrogram equivalent of the administered D+ will be plotce
8§ 8ragh paper as function of time. From the pi

L maximum conc ration, the Baxinum concenctration a

Alw . . . '
? Of C=labeled D+ the blood
1l be used to choose the

NE Clissue disctribution studies.




Tissue Distribution and Elimination

Twelve rats will be administered 5 to 10 uCi of qu-labeled D+

by gavage, and they will be kept in individual metabolism cages for
separate collection of urine and feces. Groups of four rats will be
sacrificed when the blood level is at a peak and when the blood levels
ar o 60% and 10 to 207 of the peak level. These times will be
chosen on the basis of the results obtained from the absorption study.
The blood and major organs (kidney, liver, heart, lung, spleen, muscle,
testes, braln, fat, skin), the gastrointestinal tract, and the excreta
will be analyzed for radiocactivity contents. The data will be expressed
as the percentages of the administered dose found in each whole organ

or tissue and radiocactivicty per gram of each tissue. The blood-to-tissue
ratios and the biological half-life of D+ in each organ will be

determined graphically.

Chronic Exposure

To assess the effec. of repeated intake of D+ on the pharmaco=-
kinetic behavior of the compound, rats will be fed a diet containing
unlabeled D+ (0.1 to 0.5% in the powdered Purina Chow diet) for 2 weeks.
The rats will then be given a single oral dose of qu—labeleu D+,
Control rats maintained on powdered Purina Chow diet for 2 weeks will
be examined in a parallel experiment. Serial blood samples will be
taken, and a blood level vs time curve will be plotted to compare the
biclogical half-life of D+ in two groups. If the compound stimulates
its own metabolism (e.g., polychlorinated or polybrominated biphenvls),
a reduction in the biological half-life results. On the other hand,
if the compound becomes stored in a third compound as a result of
chronic exposure (e.g., tetracycline), its biological half-life will

show an increase.

s111 subject urine and fecal extracts to thin=layer chromaco=-

graphv using various solvent systems to obtain evidence for the metabolic




conversion of D+. The sanples will also be treated with E-glucuronidase
and sulfatase before chromatography. Several organic solvents, singly
Or as mixtures, will be used to attenpt to differenciallv extract D+
from its metabolites, if anv. The thin-laver plate after solvent
development will be dutoradiographed or scanned on an autoscanner to
locate radiocactiv spots. Extracts of tissues con aining the highest

level of radissctivicy will be analyzed similarly.

1

ronnental Bicaccumulation and Magnificacion

This phase of the proposed investigation encompasses three tasks:

D+ is assimilated into the

D+ increases
4s it passas ! g an aquactic food
~ne wnecher D+ {s metabolized hv
performed in iequence, and the

determine the need to perzora th g the sequence.

Aquatic Orzanisns

‘weriments will be conducted under atic conditions
. y Al 2
saturated s © C=labeled D+ contain ng about 600 dpm/al
pluction., W ixXpect t! -oncentracion of D+ in a saturared aqueous

b — . - P v - - . .
the part-per-billion range. ; Lty data provided

te that cthe compound will not be

for each organism Studied, the tissus ill be radicanalyzed at

intervals during the exposure period to eraine the rata of bicaccumu=

lation, and bicacecumulation will be ax ssed in cerms of the
centration factor (BCT whict } tha ¢ ] '@ concentraci

compound in the SSues dnc C i 5 )€ the ¢ mpound n

water when exposure




Algal Tests

We will use the single-celled green alga Selenastrum capri-

11

cornutum, which we routinely culture in our laboratury. The alga will
be exposed to D+ for 14 davs in the usual culture medium and under the
usual conditions of light and temperature. On days 2, 4, 8, and 14,

the cultures will be sampled. The algal cells will be separated i{rom

the medium by vacuum filtration, washed, removed from the filter,

weighed, and radicanalyzed. The test will be conducted in triplicate.

Invertebrate Tests

recommend using the benthic worm Lumbriculus variegatus

the crustacean Daphnia magna in these tests because (1)
the aquatic environment, D+ will adsorb and cc
and thus accumulate more in benthic
; and (2) 1if we proceed to Task
more convenient to use because it is much larger
the biomass needed to feaed the fish would be easier to obtain.
would be pleased to use either organism, however. The cost
ducting Task 1 tests is the same for both organisms.
expose the worm or D. magna to D+ lor &4 days.
days 1, 2, and 4, a sample of the population will be collected
the animals will be bloc dried, weighed, and radicanalvzed.
will be conducted in duplicate, and the animals will be exposed

l litear of D+ solution.

The fish we plan to use is the bluegill sunfish (Lepomis
machrochirus). The test also will be conducted in duplicate. Twelve
fish will be exposed per dunlic to 19 liters of D+ solution for
« davs. On days 1, 2, and 4, four fish will be removed. Whole=body

radicanalysis will be performed on two fish., With the other :wo, we

will perform radiocanalyses on exc'sed muscle and visceral tissue.
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We believe the Daphnia-bluegill biomagnification test described

sk ! - Food Chain Biomagnifi~ation Studv

comprehensive than necessarv for this study; however,

pleased to apply

well described

£2 note that it is a 32-day study on four g

of 40 fish).

the test

on request

in the Register

]

s0 we will

We propose to use a modified

c
and this will reduce the cost
d and the cost of radicanalvsis.
We will feed 14 bluegills a daily
Lu?-"*':hii variegatus amounting to 10

v8. The fish will be maintained in flowing water. The wo
will be exposed to lug—ljhvied D+ under static conditions until their
tissue residue is at least 80% of maXimum, as estimated from the te
performed in Task 1. Before being fed to the fish, a sample of rhe
exposed worms will be radiocanalyzed to determine tissue residues. T
daily ration will be provided all at once or several times a g4y,
depending on the feeding rate., We wil) observe the feeding process
€O ensure thatct the entire atlion 1s consumed.

On days 7, 14, 21, and 28, we will transfar three fish co cleaan
“lowing wacer and will prepare them tor radicanalvsis 43 hours later
iwo Iish will be lef: over at the end of the i8~day exposure period:
these fish will be quick frozen and reserved for Task 1. After each
sampling period, we will weigh the remaining fish in water and adjust

the daily racion.
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Plant Uptake
e ———————

Uptake from Water

We will determine the uptake of D+ from water bv plants bv growing
scvbean and tomato plants in a hvdroponic svscem using a procedure

based on one described in Growing Plants without Soil for Experimental

Use (USDA Research Service, Misc. Publ. 1972). The seeds will
be germinated on moist Paper towels at 25° C in a dark room. After the
seeds germinate, the roots of three plants will be insersed through a
perforated jar lid, which when screwed to a jar allows the roots to
hang in ! solution containing HC-labeied D+,
plan to use Hoagland and Arnon's nu solution containint
uCi of 1‘Q—Ldmeled D+ per liter. 1 Cilution will be gentlvy
and the plants will be grown for -N an environmental
chamber under cont 1] tenperature, lighe, } umldity., At the and

of J weeks, eacl will be weighed and radicanalyzed.

tion test shows that D+ adsorbs signi:

to soil parci 5, Wwe will determine the upctake of D+ from soij
soybean and tomato plants, The seeds of these plants will be

as described above. Alter germination, the seedlings will be
planted to clav POLs containing either sandv loam or a commer

miX and grown in the énvironmental chamber. Three Cines a we<k, we
will water the plants with a solution of laC-lJceled D+, containing
Y. I". f/

JCi/liter. At the end of J weeks, the plants will be harvestad,

washed, blot dried, welighed, and radiocanalyzed.

alvrical Methuds

ine procedures describe here will be applied to all samples

d
. 14 :
PrOject phases in which C-labeled D+ is used.

Aliquots (0.1 to 0.2 ml) of urine and plasma will c@ counted as such
in a Searle Analvtic Mark III liquid scintillacion counter. A scintil-

lation cocktail, such as Aquasol (New England Muclaar) or Scintisol

20




(Isolab, Inc.) that can accommodate aqueous samples will be used.

samples will be decolorized with a few drops of 30% peroxide water.

Fecal samples and whole organs will be weighed. Representative samples
(1 to 2 g) will be taken from each organ and nomogenized in threse volumes
of water. Aliquots of the homogenates will be dissolved in tissue
solubilizers such as Unisol (Isolab, Inc.) or NCS (Amersham Searle) and
then counted. Plants, algae, daphnia, and fish will be treated similarly

to animal tissues for radioactivity assay.

-

Specimens in bicdegradation and soil percolation studies will be

subjected to differential solvent extractions using several aonpolar
and polar organic solvents. Aliquots of these solvents will be countad

after adding the scintillacion cocktail.

each tvpe of sample will be assessed bhv
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PROJECT ORGANIZATION AND PERSONNEL

Dr. David H., W. Liu, Manager of the Aquactic Toxicology Program,
E

be the Project Leader, He will be the primary SRI contact for HRC on

the technical aspects of the study, and he will coordinate th

research activities at SRI. Dr. Liu will also supervise the studies on

accumulation a'.d magnification of D+ by aquatic organisms.
Dr. Theodore Mill, Manager of the Physical Organic Chemistry Group,
on D+ photolysis and oxidation. He will be

Mabey, Physical Organic Chemist.

diment/water partitioning and aqueous solubility studies will be

performed under the direction of Dr. James H. Smith, Associate Manager,

Analytical, Physical, and Inorganic Chemistry Group; and Dr. David C.

Bomberger, Chemical Engineer, will direct the work on the degradation

of D+ by sewage sludge.

The mammalian metabolism and residue studies will be performed

under the direction of Dr. Chozo Mitoma, Director,

Biomedical Research
Department. He will also be in charge of all radiocanalvtical and thin-
P o

laver chromatographic activities.

Dr. Tsong-Wen Chou, an agriculctural biologisct, will conduct the

plant uptake studies.

Liographies of all - participants on the project are appendec

r

projecr




SRI International will

RqQuipment necessary to perform the work r

Center in an appended letter dated 9
1-4
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the quantity and puricvy required.
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‘dboratory rats. We will also perform experiments to determine the
extent to which selected aquatic organisms accumulate D+ directly

from water and throurh an aquatic food chain and will determine whether
D+ is metabolized by selected aquatic species. The uptake of D+ from

water and soil by tomato and soybean Plants also will be studied

After completion of the laboratory Studies, we will prep:

HRC a report of our findings. It will include a descriscion oy

experimental methods, a presentation and discussion of the dacta,

recommendations for addicional studies.
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NAL COMPETENCE
crobiology, 1er=encatzans. food science and technology

gy

e e Tyre

EPRESENTATIVE RESEARCH ASSIGNMENTS AT SRI

Research in applied microbio ology;: daunorubizin farmnﬁfatia
Cion of miscellaneous pollutants utilizing enrichment and
procedures; fermentation kinetics and bilosorptions

TYDEDTT :;I.I_—"‘

ST R L 3 SR "

-
-

§18C, supervisor, Microbiology Laboratorr,
1

ac: strain laprovement and ontimization of
s at laboratory and pilot=plant scal.
“OTA On Daciftracin and lysine fermentatio
tectracvelines
t, Univers of California at Davis: study of meta=
ethylene osynthesis by a mold
Massachus s Institute of Technology: single=cell
especially on thermophilic hydrocarbon ferment acion;
7 and 1solation characterization of metabolic prod=

Utah State University: paysiological
famma radiation
del=Chuan Foods Companv: re
iCamic acid; fermentcative dez
an strain lection, optimu
B $¥- on Oof amino acids and

. . Tl %as]

SACXCRCUNT
1953) in agricultural chemisctry, National Taiwan Universicy:; Bh.D.
in food sciences and technology (food microbiology aud diochemis=-
Utah State University

PUBLICATIONS
Author of ten publications

3SI0NAL ASSOCIATIONS AND HONORS
can Chemiczl Society; American Socie ey sor Microbiologists; Insti=

@ of Food Technologists

Augusc 1977




DAVID H. LIU

Manager
Toxicol
Life Sec

» Aquatic Toxicology Program
ogy Deparcaent
iences Division

SPECIALIZED PROFESSIONAL COMPETENCE
Aquatic toxicology, invertebrates and fish; fish reproduction; pharma-
cology; biochemistry and metabolism of drugs

REPRESENTATIVE RESEARCH ASSIGNMENTS AT SRI (since 1972)

Deteraination of acute and chronic toxicity of pesticides to the bay

aussel; study of benthie communities in San Francisco Bay: evaluation

of published data on the toxicity of chemicals; development of proce-

dures for studying the effects of pollutants on aquatiec organisms; de=

velopment of laboractory methods for the care anc bdreeding of marine

and [(reshwater organisms

OTHER PROFESSIONAL EXPERIZNCE

Consultant, Las Virgines water Sanitaction Distrieer: design of continuous=
flow bicassay systems

Senior aquacie bioiogist, Eanvirogenics Cocmpany: developoent of aquatie
toxicology laboratory facilities, investigzations on the acute and
chronic toxicity of pesticides and other chemicals to freshwater i1sh
and lnvertebrates

Aquatic biologist, General Electric Company /Battelle~Northwese Labora=-
tories: chronic toxicity of ingested radionuclides in fish

USFHS postdoctoral fellow, Washingcon Stare University: getabolism
la rodenty, development of prophylactic and therapeutic gethods for
cyanide poisoning

USPHS ctrainee in Coxicology, Oregon Stara Universicy: radiorespirometric
studies on pesticide effacts on fish

ACADEMIC
B.5. logy (1958), University of Michigan; M.A. in S1ology (1960Q)

Ph.D. in fisheries and toxicology (1969), Oregon
state University

PUBLICATIONS
Author of eight technical publications

HONORS
algra Xi
USP¥T Predoctoral Trainee in Toxicology (1965=69)

Us Postdoctoral Fellow in Pharsacology and Toxicoloagy (1949-71)

April 1977




DAVID H. LIU

Manager, Aquatic Toxicology Program
Toxic y Departaent
Life S nces Division

SPECIALIZED PROFESSIONAL CCMPETENCE
\quatic toxicology, invert ebrates and fish; fish reprod
cology; biochemistry and metabolism of drugs

REPRESENTATIVE RESEARCH ASSIGCNMENTS AT SRI (since 1972)
Determipation of acute and chromnic toxicity of pesticides Lo che Dday
gussel; study of benthic communities in San Francisco Bay; evaluaction
£ published data on the IOXicily of chemicals; development of proce=
dures for studying the effects of pollutants on aquatic organisms, de=
ve nt of laboratorv methods for Cthe care and breeding Of marine
hwater organisms

FESSIONAL EXPERIENCE
Consultant, Las it Water Sanitacion District: design ol continuoud=
flow bloassay

Senior aquatic Dlolog:h Envirogenics Company: development of aquatic
toxicology laboratory facilitie

,

t

s, lnvestigations on the acute anc
chronic toXiciCy of pesticides and oCher chemicals to freshwacte
and invertebrat
“wati bLolcq;s:. uendral llectric Company/Battelle-Northwast Labora=-
cori chronic toxicicty of ingestad radionuclides in f£isa
r’HS ,gsh,ou.:rjl fallow, Washington Scate University: oe tabolism
in rodents, devalopment Of propnylactic and therapeutic ectheds for

anide polisoning

Ub?Ha rrainee in toxicology, Oregon State University: radiorespirometrl

studies on pesticide eliacts on f1sh

ACADEMIC BACXGROUND
3.5. in zoology (1958), University of Michigan; M.A. in biology (1960),
Univerasity of Oregon; Ph.D. in flsneries and toxicology (1969), Oregon
Scate University

PUBLICATIONS
Author nf eight technical publicactions

AONCORS
Sigma Xi

USPYS Predoctoral Trainee 1in Toxicology (1965-469)
USPHS Postdoctoral Fellow in Pharmacology and Toxicology (1969=71)

April 1977
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Q@ on Cellular
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dcology,

inSCL:uLe, Uaiver=
Purine bases and histidin
dxocnemxscry Deoar::en:, UnLv¢r31:y of
ACADEMIC SACKCROUND

B3.A. (1948) and Ph.D. (1951)

n bxochemxlcry. Universi:z-
(Berkeley)

L&y of California

PUBLICATICHS
Author or coa

uthor of over 80 Cechnical publications

PRUFESSI:HAL ASSUCZATIJNS AND HONORS
American Aasoc:Jthn for the Advan:»mnnt of
Azerican Society of Bilological Chemiscs

for Phar:ahology dnd Experimental Therapeucics
Experisental Siology and Medicine
Member of Editorial doard of Lenobiotica {since 1971)

Science
ARericac Sociaty
Society for
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SRI Proposal LSC 78-26(R)
3 March 1978

Dr. Arun K. Bhattacharya
Research and Development
HOOKER RESEARCH CENTER

Long Road

Grand Island, New York 14072

Dear Dr. Bhattacharya:

SRI International is pleased to submit this

revision of SRI Proposal LSC 78-26 in response to the

request of Dr. Paul Nees. The scope of the project

has been reduced by deletion of the soil percolation
studies and plant uptake experiments, and some of the
protocols have been modified. Therefcre, the total

estimated charge has also been reduced. The work we

propose to perform is as follows:

As originally proposed, we will determine the
aqueous solubility of D+ because this information
{s essential for designing some of the other proposed

experiments.

We will determine the sediment-water partition

coefficient as originally proposed,

Oxidation and photolysis of D+ will be determined
!

as originally proposed, but the rates will be determined

from three measurements instead of five to eight.

« The study of manmalian metabolism and residues
will be limited to the study of absorption. The
absorption protocol will be the same as described in
the original proposal, but we will usa two doses and
will analvze liver and kidnev tissue for D+ .. irs
post. aministration, This approach will provt
minimum of information, but it will indica er
a more comprehensive study on the uptakns, d ibution,
rotention, excretion, and metabolism of D+ by mammals

is needed.

3133 Ravenswood Ave. » Menlo Park, Calilormia 94025
(415) 326-6200 » Cable: STANRES, Menlo Fark ¢ TWX: 910-373-12486




Dr. Arun K, Bharracharya 3 March 1978
HOOKER RESEARCH CENTER Page 2

The environmental bioaccumulacion/biomagnification studies will
be limited to a screening study with fish. Several fish will be
exposed to D+ for 96 hours. Half the population will be sacrificed,
and the other half will be transferred to clean flowing water where
they will be maintained for 96 hours and then sacrificed. Muscle
tissue and viscera of both groups will be analyzed for D+, This
approach will provide an estimate of the degree of D+ uptake and

depuration by fish.

The potentjal for biodegradation will be studied under aerobic
and anaerobic conditions using activated sludge. We have increased
the incubation to 6 weeks to allow time for the microorganisms to
acclimate to D+, After 2 and 6 weeks, duplicata incubation flasks
will be removed and the contents will be extracted with a4 mixture of
hexane and lsopropanol after disruption of the cells., The extract
will be concentrated. An aliquot will be analyzed by liquid scintil-
lation techniques, and another aliquot will be analyzed for the presence
of metabolites usang tlec and autoradiography. If at 2 weeks degradation
ls evident, the experiment will be terminated. Although the incubation
time has been increased, the total effort involved is less than that

el the origir~1lly proposed approach.

The contractual provisions presented in the original eraposal

will apply to this modification. The revised charges ar follows:

Mammalian Metaboli.. . and Residue $ 2,500
Degradation in the Environment 5,000

Movement in Soil and Water 11,200

cnvironmental Biuuccumulation/ﬂagnlficatxon 1,600

TOTAL §20, 300

In addition, a charge of $1,700 should be added for the final
report and for communications and miscellaneous eéxpenses. The chargeas
quoted would not be exceeded without written authorization from Hooker
Research Center. The estimated performance period is 4 months, and

the advance deposit required i{s the full amount.




Dr. Arun K, Bhattacharya 3 March 1978
HCOKER RESEARCH CENTER Page 3

Our revised Price is somewhat higher than the maximum Dr. Nees
informed me has peen allocated for chis investigation, Although he
did not Téquest changes in the sediment-water partitioning protocol,
we believe that the Protocol could pe modified to reduce costs. We
would be pleased to discuss these modifications with Dr. Nees when he

attends the Society of Toxicology meeting in San Francisco on 13-16 March,

Respectfully submitted,

Qv HH. 4.,

David H, w, Liu, Ph.D,, Manager
Aruatice Toxicology Program

Approved:

_/é_//ﬁ?éweéé-;_ﬁ_

Gordon W, Newell, eh.D. . Director
Department of Toxicology

< ~
WA i (ool
W A, Skinner, Executive Director
Life Sciences Division




AGREEMENT

THIS AGREEMENT, emtered into this day of oo o 19 . bvand between SR International, a
HOOKER RESEARCH CENTER

Cualifornia nonprolit corporatton hereinalter referred te as SR, and

heremalier referred 10 as Ihl. Rescarch C IIL‘HI

WITNESSETH

WIHLEREAS the Rescarch Client desires 1o have SR 1 perform the rescarch service i hereinaflter set forth and
SR desires 1o perform such services, -

NOW, THEREFORE, it is mutually agreed

. SRI shall conduct for the Research Client a research project relating 1o - i
Metaholism .md Environmental Screening Studies on l4c-1.abeled Dechlorane

Plus U*H

. . . -
and maore particularly set forth in SRI's Proposal No, e e dateg 10_February 1978
which proposal by thas reference 1§ incorporated herein, SRI .spuh 1o devote as much time and atiention
thereto as 1s reasonably required

2. The Research Chent will pay to SR a sum not to ¢xceed Lfty-s l_x_l.hnu nd_s¢ LA LI

|'l\111f1l‘|. d H‘tv dr\l: IT8 (s Sh 75[1 it he ing ap reed that SR1 will not incur ex-

penses i excess of sad amount, nor ¢ will the 1(u.c.mh Client be nhllptgd to reimburse SR in excess of said
amount unless a modification 1o this agreement shall have been entered into by the parties hereto

3. Project charges reflect direct and indirect costs incurred in performance of the work, and an SR fee

4. Invoices shall be renucred 1o lltc Research Client by SR1 as follows

(8)  The request for an g nee Jeposit shall be presentced upon execution ol this agreement, and shall be
for an amount previous!. n!ctcrmnnul as the working capital for this contract

(b) Invoices for rescarch serices shall be rendered about every four weeks. The lirst such invoice shall
cover the actual charges reconded since the beginning of the project, and succecding invoices shall cover
charges recorded since the effective date of the preceding invoice

(¢) When the accumelated total of invoices referred to in the above reaches the wotal authorized funds
under this contract, less the imitial deposit, subscquent invoices lor rescarch services shall be of a memoran.
dum wpe. Each such invoice shall credit the amount of charges against the advance deposit

(d)  Upon completion of the project, a final invoice shall be rendered and any unexpended funds shall he
returned to the Rescarch Chient 1f and when SR receives late charges of a significant amount from an ¢x.
ternal souree alter a final invoiee has been submitted 1o the Research Chent, SR shall render a snecial in-
voice 1o the Research Chent Tor the amount involved

(e) Al invoices submittcd by SR1 1o the Rescarch Chent mie due and payable upon receipt

S SR ugrees that all information obtained through work on the project shall be muade avalable 1o the
Rescarch Client at any time, subject to the terms and conditians of this agreement, and that SR will comimuni.
caic promplly and without reyuest all information which it deems pertinent (o the project as it progresses

s 7000 T




SR | represents that each of its employees has entered into a contract of employment which provides
SR1 of all inventions made by the employee duning the course of his employment

]
fove J\s\l_'n.'!'.!.'f" 0

SR 1 agrees that if during the period of this agreement any of its  mployees shall, to the knowledge of SR,
miahe @ discorery of invention rising out of work on projects sponsored under this agreement, SR1 will promptly
muake the fact of such discovery known to the Research Clieni. Upon the request of the Research Client, SR
agrees 10 use its best efforts 1o cause such employces 10 make application for letiers patent. SR further agrees to
avaen to the Rescarch Client any and all rights SR1 may have or may assert (o such invention or discovery. The
arphvatinn for leters patent shall he made at the expense of the Rescarch Client and thrnqgh attorneys named
hy the Rescarch Chient and it is mutually agreed that any and all expenses, including stafl time and travel for or
in connection with the preparation, filing, prosccution, assignment and recording ol such application, are pay-
abte by the Res - =ch Client. All such expanses incurred by SR1 shall be separately invoiced 1o and paid by the

search Clier gagak out reference 1o the sun: provided for in Paragraph 2 above
Rese
- » - *
7 The Reseat. b Client agrees that it will not use the name of SR1 cither expressed or implicd in any of its

advernsing or sales promouonal maenial. In the event Rescarch Chient intends to dstribute outside of its own
organization any report issucd under this project, such report shall be used in its entirety, unless any proposed
summary or abridgement of the report has been first approved by SR1. SRI agrees it will not publish or make
known 10 others the results of said research investigation or information obtained therelrom without approval
in writing from the Rescarch Chient. SR agrees that unless specifically authorized in writing by the Research
Chent, it will not conduct for any other person during the term of this agreemant investigations within the scope

of the project
8. SRI shall commence performance ol this project on or aboul

-

and shall make every reasonable elfort (o complete such work by =
unless the penod of performance is extended by mutual agreement in wriling. The Rescarch Chient agrees to
pive SR writien notice of its intentions regarding renewal of this agreement at least thirty (30) days prior to the
estimated complenon date

9. The Rescurch Chent reserves the right o cancel this agreement but agrees 1o give thirty (30) days writ-
ten netice 1o SR of its election 1o so terminate. In such event, SR will utilize its best effort immediately 1o cur
tatl charges and commitments o Lthis project

IN WITNLSS WIHERLEOF, the parties hereto have executed this agreement the day and year first above
wriign

BRI International

|y

Tule,

SN o0 vy
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AGREEMENT

THIS AGREEMENT. entered into this day of 19— by and between SRI International, a

Califorma nonprofit corporation, hereinafter referred 1o as SR, and HOOKER RESEARCH CENTER

hercinaiter referred to as the Research Client,

WITNESSETIH:

WHEREAS the Research Client desires to have SR1 perform the research services hereinafter set forth and
SR1 desires 1o perform such services, a

NOW, THEREFORE, it is mutually agreed

I. SRI shall conduct for the Research Client a rescarch project relating to = =
Metabolism and Environmental Screening Studies on !“C-Labeled Dechlorane

Plus (D+)

and more particularly set forth in SR1's Proposal No LSC 78-26 dated 10_February 197

which proposal by this reference is incorporated herein. SR agrees (o devote as much time and attention
thereto as 1s reasonably required

2. The Rescarch Client will pay 1o SR1 a sum not to exceed FLfty-8ix thousand seven

—hundred fifty dollars (36,750 ). it being agreed that SR1 will not incur ex-
penses in excess of said amount, nor will the Research Client be obhigated 1o reimburse SR1 in excess ol said
amount unless a modification to this agreement shall have been entered into by the parties hereto

3. Project charges refect direct and indireet costs incurred in performance of the work, and an SR fee

4. Invoices shall be rendered 1o the Rescarch Client by SR as follows

(a) The request for an advance deposit shall be presented upon execution of this agreement, and shall be
for an amount previously determined as the working capital for this contract,

(b) Invoices lor rescarch services shall be rendered about every four weeks, The first such invoice shall
cover the actual charges recorded since the beginning of the project, and succeeding 1avoices shall cover
charges recorded since the effective date of the preceding invoice

() When the accumulated total of invoices referred ‘o in the above reaches the total authorized funds

under this contract, less the initial deposit, subsequent invoices for rescarch services shall be of a memoran-
dum type. Each such invoice shall ¢redit the amount of charges against the advance deposit

() Upon completion of the project, a final invoice shall be rendered and any unexpended funds shall be
returr ed to the Rescarch Client. I and when SR receives late charges of a significant amount from an ex-
ternal source after a final invoice has been submitted 1o the Research Client, SR1 shall render a special in-
voice to the Rescarch Chent for the amount involved

(e)  Allinvoices submitied by SR1 1o the Rescarch Client are due and payable upon receipt

5. SRI1 agrees that all information obtained through work on the project shall be made available 1o the
Research Client at any time, subject to the terms and conditions of this agreement, and that SR will communi-
cate promptly and without request all information which it deems pertinent to the project as it progresscs
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6. SRI represents that cach of its employees has entered into a contract of employment which provides
for assignment 1o SR1 of all inventions made by the employee during the course of his employment

SR1 agrees that if during the period of this agreement any of its emiployees shall, to the knowledge of SR,
ake a discovery or invention rising out of work on projects sponsorcd undzr this agreement, SR1 will promptly
make the fact of such discovery known to the Rescarch Client. Upon the request ol the Rescarch € ent, SRI
agrees 1o usc its best effoi is 1o cause such employees 1o make application for letters natent, SR furieor agrees 1o
assign 1o the Rescarch Client any and all rights SR 1 may have or may assert to such invention or discovery, The
apphication for letters patent shall be made at the expense of the Rescarch Client and through attorneys named
by the Rescarch Client and it is mutually agreed that any and all expenses, including stalf time and travel for or
in connection with the preparation, filing, prosccution, wssignment and recording of such application, are pay-
able by the Rescarch Client. All such expenses incurred by SR1 shall be separately invoiced 1o and paid<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>